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1.  Introduction 


Botswana  Power  Corporation  (BPC)  oversees  electricity  generation,  transmission, 
distribution  and  import  from  abroad.  The  Morupule  electricity  generating  plant  is  the  sole 
electrical  generating  plant  in  the  country.  The  facility  is  a  coal-fired  steam  plant  with  a 
maximum  generating  capacity  of  132  MW.  The  plant  employs  an  air-cooled 
system,  owing  to  the  shortage  of  a  clean  water  supply  for  an  evaporative  coofi 
Although  the  same  system  is  used  the  world  over,  it  is  believed  that  relatively  m^Biummer 
air  temperatures  (above  33  °C)  in  most  parts  of  Botswana  adversely  a|ph 
performance  of  the  plant.  Such  observation  is  based  on  the  fact  tha»me  water 
temperature  from  the  condenser  is  believed  to  be  above  100  °C. 

It  should  be  noted  that  presently  the  electrical  system’s  maximal  a^^tn|^)r  me  e^ire 
country  is  around  402  MW,  that  is,  270  MW  more  than  the  loa^^enerlH^capa^^^lO]. 
The  data  in  Fig.  1  show  the  maximum  electrical  demand  propfcd  into  the^^^^o  2012. 
It  should  be  noted  that  the  data  for  2005-2012,  as  show^^^ f^^L  are  premia  data. 

It  is  evident  that  the  future  demands  for  electrical  energy  in  Bo^^mia  will  continue  to 
increase.  This  raises  several  questions,  the  prin^^^^e  being  M^^the  local  power 
generating  company  (BPC)  plans  to  achieve  the  cj^iand  mentioned  earner.  In  response  to 
some  of  the  above  observations,  it  is  pertinent  t 
the  Southern  African  Power  Pool  (SAPP),  which 
2005).  It  is  noted  that  some  SAPP  member  states  p 


ention  thaWotswana  is  a  signatory  to 
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Fig.  1.  Botswana’s  electrical  system  maximum  demand  and  projection  data.  Source :  Southern  African  Power 
Pool  (SAPP)  annual  report  2005. 
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Fig.  2.  Installed  capacity  and  maximum  demand  in  SAPP  member  states  (exc 
Africa,  which  has  an  installed  capacity  of  42  GW  and  a  maxjjai^^iemand  of  3" 
report  2005. 


is  around  32  GW.  As  a  result,  the  Republic 
capacity  of  around  10  GW,  which  currently  s 
included.  It  is  believed  that  this  w 
mentioned  earlier.  Looking  at  the  whomSAl 
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policy  instruments  in  some  Southern  African 
ies,  Botswana  and  Republic  of  South  Africa 
increased  access  to  the  national  electricity 
SADC  member  states  have  established  special 
f  Botswana,  the  programme  is  referred  to  as  Rural 
programme,  the  government  together  with  the  internal 
^erferator^^d  transmiTTer  (BPC)  provide  funds  for  expansion  of  the  national 
Ivid  networl^^more  than  15  villages  on  an  annual  basis  [2].  In  Republic  of 
the  same^Rpproach  achieved  a  target  of  approximately  2.8  million 
mected  to  the  electricity  grid  between  1994  and  1999  [3].  The  rapid 
tural  Electrification  Programme  in  the  Republic  of  South  Africa  is 
:logs  experienced  by  the  historically  disadvantaged  communities,  both 
environments.  In  Namibia  [4],  available  evidence  indicates  that  the 
Lentlffmually  commits  between  US  $1.8  and  2.7  million  for  the  expansion  of  the 
ication  network  [5]. 

On  the  basis  of  the  above  observations  and  available  evidence,  there  is  a  growing  threat 
the  SADC  region  may  face  a  shortage  of  electrical  energy  in  the  not  very  distant 
ire.  The  situation  would  adversely  affect  member  states,  Botswana  included,  with  high 
electricity  demands  which  are  usually  above  their  internal  electricity  generation  capacities. 
Among  SADC  member  states,  Botswana  has  one  of  the  highest  electricity  demand  growth 
rates,  6%,  while  the  Republic  of  South  Africa  presently  stands  at  3%  (SAPP  report  2005). 
This  also  raises  several  questions,  the  primary  one  relates  to  the  future  electricity 
generation  strategies  for  Botswana,  to  satisfy  its  ever-increasing  electrical  energy 
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requirements.  The  paper  discusses  a  systematic  experimental  study  on  solar  chimney 
technology  in  Botswana.  Particular  attention  is  given  to  the  measurements  of  irradiation 
solar  energy,  collector  temperature  and  chimney  air  velocity.  The  results  provide  indicators 
which  can  be  used  to  predict  the  performance  of  a  full-scale  plant  using  this  technology. 


2.  Solar-tower  technology 

A  technology  of  solar  chimney  power  generation  is  not  new  in  power  genera^®^sector, 
world  over.  Available  evidence  indicates  that  one  of  the  earliest  descript^^  of  n^^olar 
chimney  power  station  was  written  in  1931  by  a  German  researche|^Kunter  [6]^Bhe 
concept  was  refined  by  the  German  professor,  Schlaich  [7],  w\)^Kl[so  dressed 
transferability  of  the  results  from  the  Manzanares  plant.  In  19^,  ^B^2«Kperim||ital 
plant  was  constructed  on  a  pilot  in  Manzanares,  Spain,  as  j^result  ol^joint ^■rrure 
between  the  German  government  and  a  Spanish  utility.  It  h^^greenhou^«itJ^rradius 
of  122m  and  a  chimney  194.6m  high.  It  produced  an  M^mc^^ocity  of  J^^i/s  [8].  In 
2002,  the  Australian  government  issued  permission  for  the  develop^^t  of  a  1000  m  high 
by  7  km  diameter  solar  chimney  plant.  It  is  predict^^H^ftie  facility^^y^roduce  a  power 
output  of  200  MW  [9]. 

The  sun’s  radiation  heats  a  large  body  of  air,  wBch  is  then  fAed  by  buoyancy  forces  to 
move  as  a  hot  wind  through  large  turbines  to  ^^m'ate  electJal  energy.  Solar  chimney 
power  plants,  with  an  output  of  5-200  requiS^^ransi^ent  roof  several  kilometres 
in  diameter,  and  the  tube  has  to  be  as  l^^^^^ssibl^WWWieve  a  large  output.  With  the 
use  of  materials  of  better  absorbing  radi®Dn,  t^pfcb^hameter  of  the  base  of  the  chimney 
as  well  as  its  height  may  be  substantially OiWnis  basis,  solar  chimney  plants  are 
appropriate  on  land  with  vege^Kon,  such  as  desert  regions.  Such  conditions 

compare  favourably  welj^ffth  theMonditioK  found  in  most  parts  of  Botswana.  The 
Kalahari  Desert  in  Bots^^^t  oc^™j«M^^miately  70%  of  the  country.  On  the  basis  of 
the  above,  and  partioArly^ky^needTo^lans  for  long-term  energy  strategies,  a  decision 
was  taken  by  the  a^^rnment  o^^otswana  through  its  Ministry  of  Science  and  Technology 
to  design  and  J^rc^k§mall-scal^^y.ar  chimney  system  for  research. 


3.  Desert  an  of  appara 


chimney  was  constructed  with  an  inside  diameter  of  2  m  and  a  height 
Timne^vas  manufactured  from  glass  reinforced  polyester  material,  with  a 
diofl^^se  ar^pjf  approximately  160  m  .  The  collector  section  was  opened  at  ground 
irouna^^rter  edge  by  approximately  10  cm,  in  order  to  allow  the  airflow  into  the 
The  roKf  was  made  of  a  5  mm  thick  clear  glass  that  was  supported  by  a  steel 
'he  floor  was  made  of  two  layers  of  compacted  soil  approximately  10  mm 
dek  and  a  layer  of  crushed  stones.  The  layer  of  crushed  stones  was  spread  evenly  on  the 
.surface  of  the  compacted  soil  layer.  All  these  were  done  to  increase  the  absorption  of 
membnt  solar  radiation.  The  bottom  end  of  the  chimney  was  bolted  on  top  of  a  concrete 
stand,  and  anchored  to  the  ground  supports  using  wires.  This  was  done  to  ensure  that  the 
chimney  axis  lay  in  the  vertical  direction  with  the  nozzle  located  2.8  m  from  the  ground. 

A  Kestel  600  Head  (48  VDC)  turbine  with  six  fixed  blades  was  installed  at  the  exit  end  of 
the  nozzle.  In  order  to  monitor  the  performance  of  the  facility,  several  parameters  were 
measured  including  air  velocity,  temperature  and  solar  irradiation.  A  total  of  1 1  sensors  of 
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Fig.  3.  Schematic  arrangem^^of  th 


imney  used  for  the  study. 


three  different  types  we^ 
and  seven  solar  irradi 
solar  energy  from 
noted  that  foun^tune  irra 
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ro  velocity  sensors,  two  temperature  sensors, 
radiation  sensors  were  employed  to  monitor 
3,  Diffuse  and  Albedo  included.  It  should  be 
Lon  sensors  were  located  in  a  manner  that  their  location 
Le  glass  collector.  Irradiation  sensors  were  placed 
rcollector,  in  order  to  avoid  shading  and  reflection  from 


Hector.  The^^fiitions  of  some  sensors  are  shown  in  Fig.  3. 

temperatiBr,  velocity  and  irradiation  were  recorded  using  a  DL2e  data 
logger  offered  important  data  acquisition  and  smoothing  features, 
ty  to  use  time  and  boxcar  integrators,  and  to  calculate  the  time 
sured  properties.  Point  measurements  of  temperature,  velocity  and 
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ampled  at  30  s  intervals  and  averaged  over  30  min.  The  measured  data  for 
then  downloaded  onto  a  laptop  through  a  RS232  to  a  USB  connection 


Experimental  procedure 


In  order  to  obtain  comprehensive  data  on  the  performance  of  the  solar  chimney,  data 
were  collected  under  three  different  operating  conditions.  First,  point  measurements  of  air 
velocity  at  the  sampling  points  were  recorded,  when  both  the  turbine  and  the  nozzle  were 
installed.  The  turbine  was  then  removed  and  other  sets  of  data  were  recorded.  Finally,  both 
the  turbine  and  the  nozzle  were  removed  and  a  third  set  of  data  was  recorded.  Prior  to  each 
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test  condition,  each  sensor  was  then  tested  so  that  all  the  relevant  data  could  be  recorded. 
When  all  the  initial  tests  were  done,  automatic  measurements  of  air  velocity,  temperatures 
and  solar  irradiation  were  initiated. 


5.  Results  and  discussion 

Several  tests  were  conducted  in  a  systematic  study  of  solar  chimney  techr^ 
experimental  data  were  collected  as  discussed  earlier,  leading  to  the  results  sh 
variation  of  total  global  insolation,  collector  temperature,  temperature  d^fcfence 
velocity.  For  simplicity,  only  a  sample  of  the  results  obtained  from  the^^^perimenN 
been  presented  and  discussed  in  this  section.  This  enables  the  main  things  of 
be  identified  and  explained.  It  should  be  explained  that  turbi^p  pfc^j^ould  n^Lbe 
recorded  during  a  systematic  study  of  solar  chimney  techn^^gy  duMK>  limi^^test 
facilities.  For  this  reason,  no  turbine  power  data  can  be  in^pKiin  Figs. ^^^T^pro vide 
sufficient  experimental  data  and  to  allow  sensible  averse  va^fc^for  solai^^adiation, 
temperature  difference  and  air  velocity,  a  data  sampling  size  of  5  clS^jays  of  October  and 
November  was  used  to  generate  the  results  in  Fig 

The  results  in  Fig.  4  show  insolation,  temperat 
5  clear  days  of  October  2005  when  the  turbin 
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Fig.  4.  Average  insolation,  temperature  difference  and  velocity  for  selected  5  clear  days  of  October  (with  turbine 
installed). 
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Fig.  6.  Average  insolation,  temperature  difference  and  velocity  for  6  days  between  14  and  21  November  (with 
turbine  and  diffuser  removed). 
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which  is  later  released  when  the  local  temperature  decreases.  The  peak  maximum 
temperature  recorded  after  the  peak  maximum  irradiation  reinforces  the  observation  that 
the  ground  absorbs  part  of  the  incoming  solar  energy  which  is  later  released,  resulting  in  an 
increased  collector  temperature.  Figs.  4-6  show  variation  of  the  total  global  insolation, 
temperature  difference  and  air  velocity  for  the  selected  clear  days.  It  can  be  seen  tha^ihe 
range  of  temperature  difference  was  from  about  2°C  at  6:00  a.m.  to  7.5  °C  at  n< 
velocity  was  in  the  range  1-2.5  m/s  with  the  diffuser  installed  and  2-4  m/s  with  tM  Hiffuser 
removed. 

Overall  the  chimney  operated  from  7  October  until  22  November  2005.^^te  turta^was 
removed  on  17  October,  but  data  were  still  collected  until  4  Novembec^men  the  darker 
was  removed  from  the  system. 
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